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,QSXW YDULDEOH VHOHFWLRQ LV DQ HVVHQWLDO VWHS LQ WKH GHYHORSPHQW RI GDWDGULYHQ PRGHOV IRU
HQYLURQPHQWDO ELRORJLFDO DQG LQGXVWULDO DSSOLFDWLRQV 7KURXJK LQSXW YDULDEOH VHOHFWLRQ WR HOLPLQDWH
WKH LUUHOHYDQW RU UHGXQGDQW YDULDEOHV D VXLWDEOH VXEVHW RI YDULDEOHV LV LGHQWLILHG DV WKH LQSXW RI D
PRGHO 0HDQZKLOH WKURXJK LQSXW YDULDEOH VHOHFWLRQ WKH FRPSOH[LW\ RI WKH PRGHO VWUXFWXUH LV
VLPSOLILHGDQGWKHFRPSXWDWLRQDOHIILFLHQF\LV LPSURYHG7KLVSDSHUGHVFULEHV WKHSURFHGXUHVRI WKH
LQSXWYDULDEOHVHOHFWLRQIRUWKHGDWDGULYHQPRGHOVIRU WKHPHDVXUHPHQWRI OLTXLGPDVVIORZUDWHDQG
JDV YROXPH IUDFWLRQ XQGHU WZRSKDVH IORZ FRQGLWLRQV XVLQJ &RULROLV IORZPHWHUV 7KUHH DGYDQFHG
LQSXW YDULDEOH VHOHFWLRQ PHWKRGV LQFOXGLQJ 3DUWLDO 0XWXDO ,QIRUPDWLRQ 30, *HQHWLF $OJRULWKP 
$UWLILFLDO1HXUDO1HWZRUN*$$11DQGWUHHEDVHG,WHUDWLYH,QSXW6HOHFWLRQ,,6DUHDSSOLHGLQWKLV
VWXG\ 7\SLFDO GDWDGULYHQ PRGHOV LQFRUSRUDWLQJ 6XSSRUW 9HFWRU 0DFKLQH 690 DUH HVWDEOLVKHG
LQGLYLGXDOO\EDVHGRQ WKH LQSXWFDQGLGDWHV UHVXOWLQJ IURPWKHVHOHFWLRQPHWKRGV7KHYDOLGLW\RI WKH
VHOHFWLRQRXWFRPHV LV DVVHVVHG WKURXJKDQRXWSXWSHUIRUPDQFHFRPSDULVRQRI WKH690EDVHGGDWD
GULYHQ PRGHOV DQG VHQVLWLYLW\ DQDO\VLV 7KH YDOLGDWLRQ DQG DQDO\VLV UHVXOWV VXJJHVW WKDW WKH LQSXW
YDULDEOHV VHOHFWHG IURP WKH 30, DOJRULWKP SURYLGH PRUH HIIHFWLYH LQIRUPDWLRQ IRU WKH PRGHOV WR
PHDVXUH OLTXLGPDVV IORZUDWHZKLOH WKH ,,6DOJRULWKPSURYLGHVD IHZHUEXWPRUHHIIHFWLYHYDULDEOHV
IRUWKHPRGHOVWRSUHGLFWJDVYROXPHIUDFWLRQ














WKH\DSSOLHG WKHZHLJKWYHFWRU WKHRU\WRHYDOXDWH WKHHIIHFWVRIYHORFLW\SURILOHRQWKHVHQVLWLYLW\RI
&RULROLV PDVV IORZPHWHUV > @ 7KH YHORFLW\ SURILOH HIIHFWV ZHUH IRXQG WR GHSHQG RQ WKH
FRQILJXUDWLRQRI&RULROLVWXEHV(Q]>@XQGHUWRRNH[SHULPHQWDOLQYHVWLJDWLRQVLQWRWZLQEHQWWXEHVWR
VWXG\ WKH LQIOXHQFH RI DV\PPHWULFDO DQG V\PPHWULFDO SLSH GDPSLQJ DGGHG PDVV DQG LQFUHDVLQJ
   ?
DPELHQW WHPSHUDWXUH RI SKDVHG VKLIWV LQ WKH FDVH RI ]HUR PDVV IORZ ([WHQVLYH UHVHDUFK KDV EHHQ
XQGHUWDNHQ RYHU WKH SDVW WZR GHFDGHV WR LQYHVWLJDWH WKH SHUIRUPDQFH RI &RULROLV IORZPHWHUV XQGHU
WZRSKDVHIORZFRQGLWLRQV7KHFRPSUHVVLELOLW\HIIHFWVRQWKHUHDGLQJVRI&RULROLVIORZPHWHUVIRUJDV
OLTXLG WZRSKDVH IORZ PHDVXUHPHQW ZHUH GLVFXVVHG E\ *\VOLQJ >@ DQG 5LHGHU >@ UHVSHFWLYHO\
6XEVHTXHQWO\ +HPS HW DO >@ FRQGXFWHG PRUH WKHRUHWLFDO LQYHVWLJDWLRQV LQWR VWUDLJKW EHDPW\SH
&RULROLVIORZPHWHUVDLPLQJWRTXDQWLI\WKHHUURUVLQWKHPHDVXUHPHQWRIIOXLGGHQVLW\DQGPDVVIORZ
UDWHGXHWRWKHFRPSUHVVLELOLW\RIWKHIOXLG7KHHIIHFWVRIDV\PPHWULFGDPSLQJRIWKHPHWHUWXEHDQG
EXEEOH EXR\DQF\ ZHUH PHQWLRQHG LQ >@ %DVVH >@ DQDO\]HG WKH PHDVXUHPHQW HUURUV ZLWK WKH










>@ +RZHYHU WKH LQSXW YDULDEOHV LQ WKH SURSRVHG PRGHOV ZHUH VHOHFWHG E\ H[SHULHQFH DQG PD\
XQGHUHVWLPDWHWKHSHUIRUPDQFHRIGDGDGULYHQPRGHOV$OWKRXJKFHUWDLQWKHRUHWLFDONQRZOHGJHDERXW
WKH IDFWRUV DIIHFWLQJ WKH SHUIRUPDQFH RI &RULROLV IORZPHWHUV LV DYDLODEOH SDUDPHWULF GHSHQGHQF\
EHWZHHQWKHLQSXWYDULDEOHVLVQRWVWXGLHGDQGWKHLUVLJQLILFDQFHDQGVHQVLWLYLW\WRWKHGHVLUHGRXWSXWV
DUH QRW TXDQWLILHG HLWKHU 0RUHRYHU LQSXW YDULDEOH VHOHFWLRQ PHWKRGV ZKLFK DLP WR H[WUDFW WKH
LQIRUPDWLRQIURPWKHDYDLODEOHGDWDSURYLGHDQHZDSSURDFKWRGHWHUPLQLQJWKHLQSXWVRIGDWDGULYHQ
PRGHOVIRUWZRSKDVHRUPXOWLSKDVHIORZPHDVXUHPHQW)RUWKHVHUHDVRQVLQSXWYDULDEOHVHOHFWLRQDV




GULYHQ VWDWLVWLFDO PRGHOV LQSXW YDULDEOH VHOHFWLRQ LV LQGLVSHQVDEOH IRU GHYHORSLQJ D VXLWDEOH PRGHO
0D\et. al.VXPPDUL]HG WKH LQSXWYDULDEOHVHOHFWLRQPHWKRGVIRUDUWLILFLDOQHXUDOQHWZRUNVDQGJDYH




FDVH XQGHU FRQVLGHUDWLRQ LV D OLQHDU RU QRQOLQHDU SUREOHP 6XEVHTXHQWO\ WKH FRPSXWDWLRQDO
UHTXLUHPHQWV LQ WKHPRGHOEDVHG WHFKQLTXHVDQG WKH VHOHFWLRQDFFXUDF\VKRXOGEHEDODQFHGDVZHOO
7KH 3DUWLDO 0XWXDO ,QIRUPDWLRQ 30, DSSURDFK DV DQ DGYDQFHG PRGHOIUHH YDULDEOH VHOHFWLRQ
PHWKRGLVDEOHWRPLQLPL]HUHGXQGDQF\DQGPD[LPL]HUHOHYDQFHLQWKHDYDLODEOHGDWDE\HVWLPDWLQJ
WKH PD[LPXP MRLQW PXWXDO LQIRUPDWLRQ %RZGHQ et. al. WHVWHG 30, DQG 620*$*511 6HOI
2UJDQL]LQJ 0DS  *HQHWLF $OJRULWKP DQG *HQHUDO 5HJUHVVLRQ 1HXUDO 1HWZRUN RQ D QXPEHU RI
V\QWKHWLFGDWD VHWV DQG UHDOWLPH IRUHFDVWLQJ VLPXODWLRQ > @ ,W WXUQHGRXW WKDW ERWK DSSURDFKHV
ZHUHDFFHSWDEOHZKHQSUHGLFWLYHSHUIRUPDQFHZDVWKHSULPDU\DLP7KHYDULDEOHVGHWHUPLQHGXVLQJ





DYDLODEOH GDWD WKUHH QRYHO WHUPLQDWLRQ FULWHULD LH 7DEXODWHG FULWLFDO YDOXHV $NDLNH ,QIRUPDWLRQ
&ULWHULRQ $,& DQG +DPSHO WHVW FULWHULRQ ZHUH SURSRVHG WR LPSURYH FRPSXWDWLRQDO HIILFLHQF\ DQG
DFFXUDF\RIWKHDOJRULWKP%HFDXVHWKHGDWDGLVWULEXWLRQVLQUHDOZRUOGDSSOLFDWLRQVDUHRIWHQXQNQRZQ
DQG WKH DVVXPSWLRQ RI *DXVVLDQ GDWD PD\ EH LQDSSURSULDWH WKH $,& DQG +DPSHO FULWHULD DUH
UHFRPPHQGHG IRU ZLGHU DSSOLFDELOLW\ *DOHOOL et. al. SURSRVHG D K\EULG DSSURDFK FRPELQLQJ ERWK
PRGHOIUHHDQGPRGHOEDVHGPHWKRGVQDPHO\ WKH WUHHEDVHG,WHUDWLYH,QSXWYDULDEOH6HOHFWLRQ,,6
DOJRULWKP LQ  >@ ,Q WKLV DOJRULWKP D WUHHEDVHG UDQNLQJ PHWKRG LV XVHG LQ SODFH RI WKH
LQIRUPDWLRQWKHRUHWLFPHDVXUHVXFKDV30,WRHVWLPDWHWKHLQIRUPDWLRQJDLQHGIURPWKHGDWD5HVXOWV
LQGLFDWHWKDW,,6LVFDSDEOHRIVHOHFWLQJWKHPRVWVLJQLILFDQWDQGQRQUHGXQGDQWLQSXWVLQGLIIHUHQWWHVW
FRQGLWLRQV 6XEVHTXHQWO\ *DOHOOL et. al. PDGH DQ LQWHUFRPSDULVRQ RI IRXU LQSXW YDULDEOH VHOHFWLRQ
PHWKRGV LQFOXGLQJ 30, 3&,6 3DUWLDO &RUUHODWLRQ ,QSXW 6HOHFWLRQ ,,6 DQG *$$11 WKURXJK
WHVWLQJ RQ VHYHUDO GDWDVHWV DQG HYDOXDWHG WKH IRXU DOJRULWKPV LQ WHUPV RI VHOHFWLRQ DFFXUDF\
FRPSXWDWLRQDOHIILFLHQF\DQGTXDOLWDWLYHFULWHULD >@/Let. al.SUHVHQWHGSUHOLPLQDU\JXLGHOLQHV IRU









IUDFWLRQ EHWZHHQ  DQG  ,Q YLHZ RI WKH JUDYLWDWLRQDO HIIHFW RQ WZRSKDVH IORZV DQG WKH
SHUIRUPDQFHRI&RULROLVIORZPHWHUVVHSDUDWHPRGHOVVKRXOGEHHVWDEOLVKHGIRUYHUWLFDODQGKRUL]RQWDO




DQG HOHFWULF LPSHGDQFH VHQVRUV 7KH YDULDEOH VHOHFWLRQ SURFHVV LV UHDOL]HG WKURXJK DQDO\]LQJ WKH
XQGHUO\LQJ UHODWLRQVKLSV EHWZHHQ WKH YDULDEOHV DQG GHVLUHG RXWSXWV EDVHG RQ WKH REVHUYDWLRQDO
HYLGHQFHDQGLQWHUSUHWLQJWKHVHOHFWLRQRXWFRPHVLQYLHZRISK\VLFDOSURSHUWLHVRIWKHWZRSKDVHIOXLG
7KUHH LQSXW YDULDEOH VHOHFWLRQ PHWKRGV 30, *$$11 DQG ,,6 DUH DSSOLHG IRU HDFK PRGHO 690
6XSSRUW9HFWRU0DFKLQHEDVHGGDWDGULYHQ PRGHOV DUHEXLOW XSZLWK WKH VHOHFWHG LQSXW FDQGLGDWHV






7KH PRGHOEDVHG LQSXWYDULDEOH VHOHFWLRQ DSSURDFK DLPV WR VHOHFW WKHYDULDEOH VHWZKLFK PDNHV WKH
PRGHO SHUIRUP ZHOO WKURXJK HVWDEOLVKLQJ DQG HYDOXDWLQJ WKH PRGHO EDVHG RQ WKH SRWHQWLDO YDULDEOH
   ?
FRPELQDWLRQV7KH PDLQGUDZEDFNRI WKLV DSSURDFK LV WKHKLJK FRPSXWDWLRQDO UHTXLUHPHQWGXH WR D
ODUJHQXPEHURI FDOLEUDWLRQDQGYDOLGDWLRQSURFHVVHV0RUHRYHU WKH VHOHFWLRQ UHVXOWGHSHQGVRQ WKH
SUHGHILQHGPRGHOLQWHUPVRIDUFKLWHFWXUHDQGSDUDPHWHUV2QWKHFRQWUDU\WKHPRGHOIUHHDSSURDFKLV
GLUHFWO\EDVHGRQ WKH LQIRUPDWLRQ LQWHUFODVVGLVWDQFH VWDWLVWLFDOGHSHQGHQFH RU LQIRUPDWLRQ WKHRU\
HWFEHWZHHQWKHDYDLODEOHGDWDVHWVRWKHFRPSXWDWLRQDOHIILFLHQF\LVQRWDQLVVXH+RZHYHUDWUDGH
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
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Smi L[Ö[Y  
ZKHUH  SmYÖ LV WKH FRQGLWLRQDO H[SHFWDWLRQ RI Y JLYHQ DQ REVHUYHG S  Sm L[Ö LV WKH FRQGLWLRQDO
H[SHFWDWLRQ RI[i JLYHQ DQ REVHUYHG S X  ^u1u2«un`  DQG Y  ^v1v2«vn` UHSUHVHQW WKH UHVLGXDO
LQIRUPDWLRQ LQ GHSHQGHQW YDULDEOH Y DQG SRWHQWLDO LQSXW YDULDEOH [i RQFH WKH HIIHFW RI WKH DOUHDG\
VHOHFWHGLQSXWVS KDVEHHQWDNHQLQWRFRQVLGHUDWLRQnLVWKHQXPEHURIREVHUYDWLRQV Ö jvf  Ö juf DQG




LW FDQ SURYLGH D JHQHUDO PHDVXUH RI WKH WUDGHRII EHWZHHQ LQIRUPDWLRQ JDLQ DQG WKH FRPSOH[LW\































QRGH PXOWLOD\HU SHUFHSWURQ QHXUDO QHWZRUN DV D UHJUHVVLRQ PRGHO DQG JHQHWLF DOJRULWKP DV WKH
KHXULVWLF VHDUFK VWUDWHJ\ 7KH SRWHQWLDO YDULDEOH VXEVHWV DUH JHQHUDWHG E\ WKH JHQHWLF RSHUDWLRQV
VHOHFWLRQFURVVRYHUDQGPXWDWLRQ7KHVXLWDELOLW\RIWKHLQSXWYDULDEOHVLVGHWHUPLQHGE\DVVHVVLQJWKH
SHUIRUPDQFH RI WKH QHXUDO QHWZRUN ZKLFK LV HVWDEOLVKHG EDVHG RQ WKH FRUUHVSRQGLQJ YDULDEOHV 7KH
RXWRIVDPSOH $,& LV FRQVLGHUHG WR TXDQWLI\ WKH DFFXUDF\ RI WKH QHXUDO QHWZRUN DIWHU NIROG FURVV
YDOLGDWLRQ 7KH WHUPLQDWLRQ FULWHULRQ RI WKH JHQHWLF DOJRULWKP LV HLWKHU WKH PD[LPXP QXPEHU RI
HYDOXDWLRQVRUFRQYHUJHQFHRIWKHILWQHVVIXQFWLRQLVDFKLHYHG>@

$JHQHWLFDOJRULWKPXVXDOO\ LQFOXGHV ILYHVWHSVSRSXODWLRQ LQLWLDOL]DWLRQ ILWQHVV IXQFWLRQ VHOHFWLRQ
FURVVRYHUDQGPXWDWLRQ7KHVHOHFWLRQSURFHGXUHLVDVIROORZV
,QLWLDOLVHDSRSXODWLRQZLWKDUDQGRPSRSXODWLRQRIFKURPRVRPHV




 :LWK VRPH ORZ SUREDELOLW\ D SRUWLRQ RI WKH QHZ LQGLYLGXDOV KDYH VRPH RI WKHLU FKURPRVRPHV
IOLSSHGGXULQJPXWDWLRQZKLFKLVXVHGWRNHHSWKHSRSXODWLRQGLYHUVHDQGSUHYHQWWKHDOJRULWKPIURP
SUHPDWXUHO\FRQYHUJLQJRQWRDORFDOPLQLPXP




7KH ,,6 PHWKRG LV D FRPELQDWLRQ RI PRGHOIUHH DQG PRGHOEDVHG PHWKRGV ,W XWLOL]HV H[WUDWUHHV WR
HVWLPDWH WKH UHODWLYH FRQWULEXWLRQ RI HDFK FDQGLGDWH LQSXW 7KH UDQNLQJEDVHG HYDOXDWLRQ GRHV QRW
UHTXLUHDQ\DVVXPSWLRQRQ WKHVWDWLVWLFDOSURSHUWLHVRI WKH LQSXWGDWDVHW HJ*DXVVLDQGLVWULEXWLRQ
DQGFDQEHDSSOLHGWRDQ\VRUWRIVDPSOHV0RUHRYHUWKLVDSSURDFKGRHVQRWUHO\RQFRPSXWDWLRQDOO\































WKH jWKQRQWHUPLQDOQRGH LQ WKH tWK WUHHk LVHTXDO WR LI WKHYDULDEOH[i LVXVHGWRVSOLW WKHQRGHwj
   ?
RWKHUZLVH k LV  YDU jw' LV WKH YDULDQFH UHGXFWLRQ DVVRFLDWHG WR QRGH wj D LV WKH QXPEHU RI
REVHUYDWLRQVLQWUDLQLQJGDWDVHWD

7KH LQSXW YDULDEOHV DUH VRUWHG E\ GHFUHDVLQJ WKH UHOHYDQFH RI SRWHQWLDO YDULDEOHV DQG WKXV WKH ILUVW
YDULDEOHVKRXOGEHPRVWVLJQLILFDQW,QRUGHUWRUHGXFHPLVVVHOHFWLRQDQGPLQLPL]HWKHUHGXQGDQF\


















([SHULPHQWDO WHVWVZHUH FRQGXFWHGRQ DLQFKERUH DLUZDWHU WZRSKDVH IORZ WHVW ULJ VHH)LJ
7ZR LQGHSHQGHQW&RULROLV IORZPHWHUV ZHUH LQVWDOOHGEHIRUH WKHPL[HU WR SURYLGH UHIHUHQFHV IRU WKH
LQGLYLGXDOPDVVIORZUDWHVRIWKHOLTXLGDQGJDVSKDVHV'XHWRWKHHIIHFWRIJUDYLW\DQGEXR\DQF\RQ










NJK WRNJKZLWKJDVYROXPHIUDFWLRQ IURP WR7KH WHVWSRLQWVZLWKYDULDWLRQV LQ
OLTXLG PDVV IORZUDWH DQGJDVYROXPH IUDFWLRQ DUH VXPPDUL]HG)LJ)RU WKHSXUSRVHRI WUDLQLQJD
GDWDGULYHQPRGHO D GDWDVHW RI  UHFRUGV FLUFXODUPDUNHUV LQ)LJZDVFROOHFWHG IURP7HVWV ,
ZKLOHWKHGDWDVHWRIUHFRUGVWULDQJXODUPDUNHUVLQ)LJIURP7HVWV,,IRUWHVWLQJWKHPRGHO(DFK
GDWDVHWUHSUHVHQWVWKHDYHUDJHRIDOOUHFRUGHGYDOXHVZLWKLQDQDSSUR[LPDWHZLQGRZRIVHFRQGV
7KH IOXLG WHPSHUDWXUH GXULQJ WKH WHVWV ZDV EHWZHHQ &a& ZKLFK YDULHG ZLWK WKH DPELHQW


















[[DUHREWDLQHG WKURXJKPHDVXULQJRU WUDQVIRUPLQJ WKH LQWHUQDOSDUDPHWHUVRI WKH WZR&RULROLV
IORZPHWHUV '3 WUDQVGXFHUV DQG WKH HOHFWULFDO LPSHGDQFH VHQVRU 9DULDEOHV [[ DUH GLUHFW
PHDVXUHPHQW RXWSXWV IURP &RULROLV IORZPHWHUV ZKLOH [[ DUH WKHLU LQWHUQDO SDUDPHWHUV 7KH
PHDVXUHPHQW SULQFLSOH RI PDVV IORZUDWH  m  RI D VLQJOHSKDVH IORZ XVLQJ &RULROLV IORZPHWHUV LV
UHSUHVHQWHGDV>@
 dTR tTCTCCCTeKKm @>  ''''' WV 
ZKHUHKRLVDFDOLEUDWLRQIDFWRUIRUWKHPHDVXUHPHQWRIWKHPDVVIORZUDWHRIDVLQJOHSKDVHIORZDWD
UHIHUHQFH WHPSHUDWXUH KT LV D PDWHULDO WHPSHUDWXUH GHSHQGHQFH IDFWRU e LV D GHYLFHVSHFLILF














RI WZRSKDVH RU PXOWLSKDVH IORZV GXH WR WKH HIIHFW RI DGGLWLRQDO SKDVH RQ WKH YLEUDWLRQ RI WKH
PHDVXULQJ WXEH ,Q WKLVFDVH WKHHUURQHRXVPDVV IORZUDWHDQGGHQVLW\DUHGHILQHGDVDSSDUHQWPDVV
IORZUDWHDQGREVHUYHGGHQVLW\LH[DQG[LQ7DEOH,

[ '3 IURP WKH'3 WUDQVGXFHU UHSUHVHQWV WKHSUHVVXUHGLIIHUHQFHDFURVVD&RULROLV IORZPHWHU[




+RZHYHU WKH YDULDWLRQV RI WKH YDULDEOHV LQ 7DEOH , UHIOHFW WKH FKDQJLQJ RI WKH GHVLUHG RXWSXWV Y
GHVLUHG OLTXLG PDVV IORZUDWH DQG Y GHVLUHG JDV YROXPH IUDFWLRQ WR VRPH H[WHQW 'XH WR WKH
UHSURGXFLELOLW\ RI WKH H[SHULPHQWDO WHVWV LW LV SRVVLEOH WR HVWDEOLVK GDWDGULYHQ PRGHOV XVLQJ WKH
DYDLODEOH H[SHULPHQWDO GDWD WR HVWLPDWH OLTXLG PDVV IORZUDWH  ÖY  DQG JDV YROXPH IUDFWLRQ  ÖY 
%HFDXVH VRPHRI WKHYDULDEOHV IURPGLIIHUHQW VHQVRUVDUH LQGHSHQGHQWDQGVRPHDUH UHODWHG WRHDFK
RWKHULQSK\VLFDOVHQVHLWLVGLIILFXOWWRHPSLULFDOO\GHWHUPLQHZKLFKYDULDEOHKDVPRUHFRQWULEXWLRQWR







,' 9DULDEOH QDPH DQG
V\PERO 3K\VLFDOGHILQLWLRQ
6RXUFH
[ $SSDUHQW PDVV IORZUDWH
m
7KH PDVV IORZUDWH UHDGLQJ IURP &RULROLV






7KH GHQVLW\ UHDGLQJ IURP &RULROLV IORZPHWHUV




[ 3URFHVVWHPSHUDWXUHT 7KH WHPSHUDWXUH UHDGLQJ IURP &RULROLVIORZPHWHUV
&RULROLV
IORZPHWHU
[ 6HQVRU$DPSOLWXGHVA 7KH YROWDJH DPSOLWXGH RI VLJQDOV IURP PRWLRQVHQVRU$
&RULROLV
IORZPHWHU
[ 6HQVRU%DPSOLWXGHVB 7KH YROWDJH DPSOLWXGH RI VLJQDOV IURP PRWLRQVHQVRU%
&RULROLV
IORZPHWHU




[ 7XEHIUHTXHQF\f 7KH RVFLOODWLRQ IUHTXHQF\ RI WKH &RULROLVPHDVXULQJWXEHVLQVLGH&RULROLVIORZPHWHUV
&RULROLV
IORZPHWHU
[ 6HQVRUEDODQFHBs 7KH UDWLR RI WKH YROWDJH DPSOLWXGH RI VHQVRU$VLJQDOWRVHQVRU%VLJQDO
&RULROLV
IORZPHWHU




[ 'LIIHUHQFHSUHVVXUH'3 '3 LV WKH GLIIHUHQWLDO SUHVVXUH DFURVV WKH&RULROLVIORZPHWHU
'3
WUDQVGXFHU
   ?  ?







[ 3KDVH IDFWRU RI
,PSHGDQFHT 















Y2 'HVLUHG JDV YROXPH
IUDFWLRQ
'HVLUHGJDVYROXPH IUDFWLRQRQ WKH WHVW VHFWLRQ





ÖY  (VWLPDWHG OLTXLG PDVV
IORZUDWH





ÖY  (VWLPDWHG *DV YROXPH
IUDFWLRQ






,Q FRQVLGHUDWLRQ RI GLIIHUHQW SHUIRUPDQFHV RI WKH &RULROLV IORZPHWHU RQ KRUL]RQWDO DQG YHUWLFDO
LQVWDOODWLRQV WZR VHSDUDWH PRGHOV DUH WR EH EXLOW IRU HDFK SRVLWLRQ 0RGHO+/ DQG 0RGHO+*
SUHVHQW WKHPRGHOVEXLOW IRU WKH&RULROLVIORZPHWHU LQ WKHKRUL]RQWDOVHFWLRQ WRPHDVXUH OLTXLGPDVV
IORZUDWH DQG JDV YROXPH IUDFWLRQ UHVSHFWLYHO\ 6LPLODUO\ 0RGHO9/ DQG 0RGHO9* LQGLFDWH WKH
PRGHOV EXLOW LQ WKH YHUWLFDO VHFWLRQ WR PHDVXUH OLTXLG PDVV IORZUDWH DQG JDV YROXPH IUDFWLRQ
VHSDUDWHO\ 6LQFH DSSDUHQW PDVV IORZUDWH [ DQG REVHUYHG GHQVLW\ [ DUH GHULYHG GLUHFWO\ IURP
WLPHVKLIW[DQGWXEHIUHTXHQF\[UHVSHFWLYHO\ZLWKWHPSHUDWXUHFRPSHQVDWLRQWKHSRVVLELOLW\





,QVWDOODWLRQ 0RGHO 3RWHQWLDOLQSXWYDULDEOHV 0RGHO2XWSXW
+RUL]RQWDOSLSH +/ [[[[ 
ÖY 
+* [[[[ ÖY 
9HUWLFDOSLSH 9/ [[[[ 
ÖY c 






   ?  ?
WKHFKDQJHRI$,&VFRUHZKHQDQHZYDULDEOHLVDGGHG$V)LJDGVKRZQWKH$,&VFRUHKDVD





F VKRZ WKDW YDULDEOHV [ DSSDUHQW PDVV IORZUDWH [ REVHUYHG GHQVLW\ DQG [ '3 DUH PDLQ





KDV PRUH FRQWULEXWLRQ WKDQ WKH RWKHU YDULDEOHV WR WKH PHDVXUHPHQW RI OLTXLG PDVV IORZUDWH DV RQH
ZRXOGH[SHFWIURPDSXUHO\SK\VLFDOSRLQWRIYLHZ7KHGLIIHUHQFHLQVHOHFWLRQVHTXHQFHEHWZHHQWKH





GHQVLW\ [ PDJQLWXGH RI LPSHGDQFH DQG [ SURFHVV WHPSHUDWXUH DUH REWDLQHG IURP WKH 30,
VHOHFWLRQSURFHGXUHVIRUERWK0RGHO+*DQG0RGHO9*$SDUWIURPWKHWKUHHYDULDEOHV[DQG[























[ [ [ IRU 0RGHO9* $V WKH *$$11 VHOHFWLRQ UHVXOWV VXJJHVW WKH YDULDEOHV [ REVHUYHG
GHQVLW\ [ SURFHVV WHPSHUDWXUH [ VHQVRU$ DPSOLWXGH [WZR SKDVH LQGLFDWRU [ '3 [














   ?  ?
,,6 DOJRULWKP ZDV H[HFXWHG RQ WKH GDWDVHW RI 0RGHOV +/ +* 9/ DQG 9* UHVSHFWLYHO\ 7KH
FDQGLGDWHVXEVHWZDVLQFUHPHQWDOO\EXLOWWKURXJKUDQNLQJ6,62DQG0,62HYDOXDWLRQ7KHVHOHFWLRQ
SURFHVV DQG WKH SHUIRUPDQFH RI 0,62 DUH VKRZQ LQ )LJ  IRU HDFK PRGHO )RU 0RGHO+/ WKH
WROHUDQFHİ LV UHDFKHGDIWHU[ [ DQG[ DUH DOO LQFOXGHG )RU0RGHO+* WKH VHOHFWLRQSURFHVV LV
WHUPLQDWHGEHFDXVHYDULDEOH[LVVHOHFWHGWZLFH)RU0RGHO9/WKHWROHUDQFHİLVUHDFKHGDIWHU[
[ [ DQG[ DUH VHOHFWHG)RU0RGHO9* LQSXWYDULDEOH[ LV DOVR VHOHFWHG WZLFH UHVXOWLQJ LQ WKH
VHOHFWLRQSURFHGXUHWHUPLQDWHG

)URP WKH UHVXOWV RI 0RGHO+/ WKH YDULDEOHV [ DSSDUHQW PDVV IORZ [ VHQVRU$ DPSOLWXGH [
VHQVRUEDODQFHDUHVHOHFWHGZKLOHYDULDEOHV[[[REVHUYHGGHQVLW\[DUHVHOHFWHGIRU0RGHO
9/ 7KLV SUHVHQWV WKH LQIRUPDWLRQ RI DSSDUHQW PDVV IORZ DQG VHQVRU EDODQFH DUH WZR PRVW XVHIXO
YDULDEOHVWRLPSURYHWKHSHUIRUPDQFHRI0,62PRGHOV
)URP WKH UHVXOWV RI 0RGHO+* WKH YDULDEOHV [ [ '3 [ SURFHVV WHPSHUDWXUH ZHUH VHOHFWHG
ZKLOHYDULDEOHV[[[ZHUHVHOHFWHGIRU0RGHO9*7KHILWWLQJUHVXOWVRI0,62PRGHOVZLWKWKH













WKDW *$$11 DOJRULWKP WDNHV ORQJHU WLPH WR LPSOHPHQW WKH KHXULVWLF VHDUFK WKDQ WKH RWKHU WZR
PHWKRGV7KHUXQQLQJWLPHRI*$$11LVDERXWWLPHVRI,,6UXQQLQJWLPHDQGWLPHVRI30,























+/ [[[[  [[[[[  [[[ 
+* [[[[[  [ [ [ [ [[[[  [[[ 
9/ [[[[  [ [ [ [ [[  [[[[ 




,Q RUGHU WR FRPSDUH WKH SHUIRUPDQFH RI WKH WKUHH YDULDEOH VHOHFWLRQ PHWKRGV D W\SLFDO GDWDGULYHQ
PRGHOLVHVWDEOLVKHGIRUHDFKFDVHZLWK690 690UHJUHVVLRQSHUIRUPVDOLQHDUUHJUHVVLRQLQWKHKLJK
GLPHQVLRQDO IHDWXUH VSDFH XVLQJ İLQVHQVLWLYH ORVV DQG WHQGV WR UHGXFH WKH PRGHO FRPSOH[LW\ E\
PLQLPL]LQJWKHZHLJKWYHFWRU>@6LQFHDQ690PRGHOLVEDVHGRQWKHVWDWLVWLFOHDUQLQJWKHRU\DQG
VWUXFWXUDO ULVN PLQLPL]DWLRQ WKH RXWSXW LV QRW DIIHFWHG E\ WKH LQLWLDO SDUDPHWHUV DQG SUHGHILQHG
VWUXFWXUHRI WKHPRGHO'XH WR WKH UHODWLYHO\FRQVWDQW VWUXFWXUHDQGEHWWHU SHUIRUPDQFHRI WKH690
PRGHO LW LV DSSOLHG WR HVWDEOLVK WKH UHODWLRQVKLSEHWZHHQ WKH LQSXWYDULDEOHV DQG WKHRXWSXW ,Q WKLV




















PDVV IORZUDWH RQ WUDLQLQJ GDWD DQG WHVW GDWD $IWHU FRUUHFWLRQ E\ 690EDVHG PRGHOV WKH HUURU RI
   ?  ?
OLTXLGPDVVIORZUDWHIURP&RULROLVIORZPHWHUVRQKRUL]RQWDODQGYHUWLFDOSLSHVDUHERWKGUDPDWLFDOO\
GHFUHDVHG'XHWRWKHLQKHUHQWOLPLWDWLRQRIJHQHUDOL]DWLRQDELOLW\RIGDWDGULYHQPRGHOVWKHHUURUVRQ
WHVWGDWDDUH ODUJHU WKDQ WKRVHRQ WUDLQLQJGDWD7KURXJKFRPSDULQJ WKH1506(YDOXHVRI WKH WKUHH
690EDVHGPRGHOVWKHPRGHOZLWKWKHYDULDEOHVVHOHFWHGE\30,KDVWKHORZHVWHUURUWKDQWKHRWKHU
WZR 7KLV PHDQV WKH VHOHFWHG YDULDEOHV E\ 30, LQFOXGH EHWWHU DQG PRUH FRPSOHWHG LQIRUPDWLRQ WR
H[SODLQWKHOLTXLGPDVVIORZUDWH

$VVKRZQ LQ)LJ EDQG G WKH690EDVHGPRGHOVZLWK30, LQSXWYDULDEOHVGRHVQRWSHUIRUP


































ZKHUH izÖ LV WKH PRGHO RXWSXW DIWHU VPDOO FKDQJHV DGGHG WR WKH LQSXW YDULDEOHV iyÖ LV WKH PRGHO
RXWSXWZLWKQRFKDQJHGLQSXWYDULDEOHVDQGnLVWKHQXPEHURIREVHUYDWLRQV



















GHWHUPLQHV WKH TXDOLW\ DQG TXDQWLW\ RI WKH LQIRUPDWLRQ XVHG LQ WKH PRGHOOLQJ SURFHVV ,Q RUGHU WR
HVWDEOLVK D IXQFWLRQDO DQG RSWLPDO PRGHO IRU &RULROLV IORZPHWHUV XQGHU WZRSKDVH IORZ FRQGLWLRQV
LQSXW YDULDEOH VHOHFWLRQ DQG YDOLGDWLRQ KDYH EHHQ FRQGXFWHG LQ WKLV VWXG\ 0RUHRYHU SDUDPHWULF
GHSHQGHQFH VLJQLILFDQFH DQG VHQVLWLYLW\ RI WKH LQSXW YDULDEOHV WR WKH GHVLUHG RXWSXWV KDYH EHHQ
LQYHVWLJDWHG ,Q YLHZ RI WKH GLIIHUHQW LQVWDOODWLRQ FRQGLWLRQV RI WKH &RULROLV IORZPHWHUV IRXU
   ?  ?
LQGHSHQGHQW PRGHOV +/ +* 9/ DQG 9* KDYH EHHQ HVWDEOLVKHG DQG HYDOXDWHG WR REWDLQ WKH
OLTXLG PDVV IORZUDWH DQG JDV YROXPH IUDFWLRQ 7KUHH LQSXW YDULDEOH VHOHFWLRQ DSSURDFKHV LQFOXGLQJ
30, *$$11 DQG ,,6 KDYH EHHQ DSSOLHG WR GHWHUPLQH WKH PRVW VXLWDEOH YDULDEOH VXEVHW IRU HDFK









 ,Q WHUPV RI VHOHFWLRQ DFFXUDF\ DOO WKH VXEVHWV VHOHFWHG IURP 30,*$$11DQG ,,6 DUH DEOH WR
H[SODLQ WKH PRGHO RXWSXW DQG KDYH UHGXFHG WKH RULJLQDO HUURUV RI PDVV IORZUDWH 3DUWLFXODUO\ 30,
SURYLGHV PRUH HIIHFWLYH YDULDEOHV IRU WKH PHDVXUHPHQW RI OLTXLG PDVV IORZUDWH WKDQ WKH RWKHU WZR






PHDVXUHPHQW RI OLTXLG PDVV IORZUDWH LQFOXGHV REVHUYHG GHQVLW\ DSSDUHQW PDVV IORZUDWH '3 DQG




SURYLGH PRUH HIIHFWLYH LQIRUPDWLRQ WR PHDVXUH WKH OLTXLG PDVV IORZUDWH ZKLOH WKH ,,6 DOJRULWKP
SURYLGHVD IHZHUEXWPRUHHIIHFWLYHYDULDEOHV WRSUHGLFW WKHJDVYROXPHIUDFWLRQ$OWKRXJKYDULDEOH





YDULDEOH VHOHFWLRQ PHWKRGV LQFRUSRUDWLQJ SK\VLFDO LQWHUSUHWDWLRQ RI WKH YDULDEOHV 7KH YDULDEOH
VHOHFWLRQUHVXOWVLQWKLVSDSHUKDYHSURYLGHGXVHIXOHYLGHQFHIRUEXLOGLQJVXLWDEOHGDWDGULYHQPRGHOV
RI &RULROLV IORZPHWHUV IRU WZRSKDVH IORZ PHDVXUHPHQW ,W LV HQYLVLRQHG WKDW WKH UHVXOWV IURP WKH





>@ 7:DQJDQG5%DNHU&RULROLV IORZPHWHUVD UHYLHZRIGHYHORSPHQWVRYHU WKHSDVW\HDUV
DQG DQ DVVHVVPHQW RI WKH VWDWH RI WKH DUW DQG OLNHO\ IXWXUH GLUHFWLRQV )ORZ 0HDVXUHPHQW DQG
,QVWUXPHQWDWLRQYROSS




>@ 0 $QNOLQ * (FNHUW 6 6RURNLQ DQG $ :HQJHU (IIHFW RI ILQLWH PHGLXP VSHHG RI VRXQG RQ
&RULROLVPDVVIORZPHWHULQ3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO)ORZ0HDVXUHPHQW&RQIHUHQFH




>@ -.XWLQ -+HPS*%REYQLNDQG ,%DMVLF:HLJKWYHFWRUVWXG\RIYHORFLW\SURILOHHIIHFWV LQ
VWUDLJKWWXEH&RULROLVIORZPHWHUVHPSOR\LQJGLIIHUHQWFLUFXPIHUHQWLDOPRGHV)ORZ0HDVXUHPHQW
DQG,QVWUXPHQWDWLRQYROSS









FRQGLWLRQV LQ 3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO )ORZ 0HDVXUHPHQW &RQIHUHQFH 




>@1 %DVVH $ UHYLHZ RI WKH WKHRU\ RI &RULROLV IORZPHWHU PHDVXUHPHQW HUURUV GXH WR HQWUDLQHG
SDUWLFOHV)ORZ0HDVXUHPHQWDQG,QVWUXPHQWDWLRQYROSS
>@- : .XQ]H 5 6WRUP DQG 7 :DQJ &RULROLV PDVV IORZ PHDVXUHPHQW ZLWK HQWUDLQHG JDV LQ
3URFHHGLQJVRI6HQVRUVDQG0HDVXULQJ6\VWHPVSS1XUHPEHUJ*HUPDQ\-XQH
>@5/LX0)XHQW0+HQU\DQG0'XWD$QHXUDOQHWZRUNWRFRUUHFWPDVVIORZHUURUVFDXVHGE\
WZRSKDVH IORZ LQ D GLJLWDO &RULROLV PDVV IORZPHWHU )ORZ 0HDVXUHPHQW DQG ,QVWUXPHQWDWLRQ
YROQRSS
>@% 6DIDULQHMDGLDQ 0 7DMHGGLQL DQG / 0DKPRRGL $ QHZ IX]]\ EDVHG PHWKRG IRU HUURU
FRUUHFWLRQ RI &RULROLV PDVV IORZ PHWHU LQ SUHVHQFH RI WZRSKDVH IOXLG LQ 3URFHHGLQJV RI
,QWHUQDWLRQDO &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH DQG ,PDJH 3URFHVVLQJ SS  'XEDL
8$(2FWREHU
>@50D\*'DQG\DQG+0DLHU5HYLHZRILQSXWYDULDEOHVHOHFWLRQPHWKRGVIRUDUWLILFLDOQHXUDO
QHWZRUNV &KDSWHU  LQ ERRN RI ³$UWLILFLDO QHXUDO QHWZRUNV 0HWKRGRORJLFDO DGYDQFHV DQG
%LRPHGLFDO$SSOLFDWLRQV´,Q7HFK,6%1
>@* %RZGHQ * 'DQG\ DQG + 0DLHU ,QSXW GHWHUPLQDWLRQ IRU QHXUDO QHWZRUN PRGHOV LQ ZDWHU
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